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A 700- HORSEPOWER AIRPLANE ENGINE* 
By Hermann Oestricli 

I. DESCRIPTION 



This supercharger is designed for supercharging a 12- 
cylinder water-cooled engine of 720 hp. at 1,700 r.p.m. 
It is a two-stage centrifugal compressor driven by the en- 
gine through a fanmn clutch. Its chief characteristics 
are: 



Del ivery , 
Pressure, 
Speed, 

Compression ratio, 
Type of supercharger, 
Gear rat io , 
Type of rotor, 
Number of stages, 



Number of rotor vanes, 
Number of guide vanes, 
Outlet diameter of rotor, 

Inlet diameter of rotor, 



0.67 kg/s 
1,033 abs. atm. 
1,700 r.p«m. 



1.48 lb. /sec, 
15.185 lb./ sq , in. 



cent r ifugal compressor 
1 2 o 3 

open on both sides 

2 

Stage 1 
9 

none 



Stage_2 
9 

none 



2 60 mm 

(10.24 in.) 

164 an 

( > # 46 in.) 



2 60 mm 
(10.24 in.) 

152 am 
(5.98 in.) 



Untersuchung eines Aufladers fur einen 700-PS-Flugmo tor . 11 
Aut omcbil t echni scho Seitschrift, August 25, 1933, pp. 405- 
411. 
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Stage__l S tage__2 

Inlet angle p a at rotor 90° 90° 

Cutlet angle (3 2 at rotor 90° 90° 

Width of vane passage at outlet 18,0 mm 16.0 mm 

(0.71 in.) (0.63 in.) 

Width of vane passage at inlet 

with d^l80 mm (7.1 in.) (stage l) 32.5 mm 31.0 mm 

and d^l70 mm(6.7 in.) (stage 2) (1.28 in.) (1.22 in.) 

Outlet angle of inlet guiding ap- 
paratus at maximum inlet diameter 

of rotor 38° .46 

Further details are shown in figures 1 to 7. See figure 3 
for taWe of dimensions. 



II. TESTING 

3Tor more thorough investigation, the -supercharger was 
mounted on the test stand of the DVL (Deutsche Versuchsan- 
stalt fur Luftfahrt). In order to produce the condition 
of operation at high altitudes, the air inlet was throt- 
tled. On the outlet side, the air was conducted through a 
short wide stack into the open. The tests were made with 
the following instruments and methods: 

Air measurement: 1912 standard nozzle, diameter 

120 mm (4.72 in.) . 

Torque: cradle- type dynamometer. 

Revolution speed: DVL tachometer. 

Inlet pressure: U-tuhe with mercury. 

Outlet pressure: U-tuhe with water. 

Inlet temperature: alcohol thermometer. 

Outlet t enperature: thermocouple . 



Several series of tests were made, in which the r.p^n, 
was gradually increased. Each reading was taken after the 
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torque had become constant,. A constant inlet temperature 
was not awaited, so that the out 1 et t emp eratur es had to 
"be correspondingly corrected. 

The measured values are given in table Z . With their 
help the work diagram of the. supercharger, ( fig. 8) was 
plotted in the usual manner. It is valid for an intake 
temperature of 20°C. (.68'°'3? . ) and a ..final pressure of 1,033. 
abs. atm. (15,185 lb./sq.ino), and shows the relation be- 
tween quantity delivered, compression ratio, r.p.m<>, power 
required, and efficiency. If the intake temperature- of 
the supercharger is altered, the compression ratio at a 
given r«p c m 0 is also altered. The compression ratio at 
another intake temperature is determined on the basis of 
the fact that the adiabatic delivery head for the volume 
delivered is nearly constant,* A work diagram of general 
application is therefore obtained if, instead of the co- 
ordinates of figure 8, the volume' delivered, based on the 
intake condition, is chosen as the abscissa and the effec- 
tive adiabatic delivery head as the ordinate, as was done 
in figure 9. In the latter' figure the lines of constant 
revolution speed and constant efficiency are, within broad 
limits, independent of the intake pressure and temperature 
The other lines are valid for a final pressure of 760 mm 
(29.9 in.) Hg and a relation between the intake pressure 
and temperature' corresponding to that in the CI1TA (Commit- 
tee Internationale de navigation' Aerieiine) standard atmos- 
phere. 

By the adiabatic delivery head is meant the amount of 
'energy required for the adiabatic 'compression of one kilo- 
gram of the air to the desired final pressure. For the 
adiabatic delivery head E a & in the compression from the 
pressure p x to the pressure p 2 , with the customary no- 
tation in thermodynamics, we have 



*This restriction must be made because the volume deliv- 
ered varies during the compression and the- proport ional 
variation is also affected by the compression ratio. 
Hence the air velocities at the rotor inlet and outlet, 
which decide the delivery head, cannot be fully and defi- 
nitely determined from the rotor r«p 0 XQ» and intake vol- 
ume « Wra^finf 9 ••^M*. %0*9$% -Ml I #4 < * 
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Had 



x - 



X 



- 1 ; m 



kg 
kg 



compression ratio p 2 /Pi at. a given 
therefore "be calculated from the ad- 
&ad the intake temp.erature T x . 

Ji; order to .simplify the determination of th'e. compression 
"rat io ,ythe funct ion '.. ... . ..." 



With this equation the 
intake temperature can 
iabatlc. delivery head 



ad 



Si 



x 



L 



X 



- 1 



m 



was plotted in figur.e 10. After the delivery head has 
"been determined fr.om figure 9 for' a certain operating con- 
dition, the corresponding; compr es s ion rat io i.s. then ob- 
tained by .dividing the delivery head by the absolute .in- 
take temperature and Introducing the' quotient into figure 

In. .superchargers the ,constant-pr essure altitude is 
just as important as the. compression ratio. By this is 
me.ant the '.alt.itud^e up, t o which the' supercharger Is able to 
compress the air to the pressure at sea level. 

The dif.fe.ren.ee .b.et-ween the adiabatic. delivery .head 
and the constant-pressure, altitude , is small. ,The explana- 
tion of; this '.s .simple, Che existence, of. equilibrium in 
the/atmo sphere is based on the assumption that the. com- 
pression energy absorbed by one kilogram "of \ air in passing 



from the altitude H x ' to the altitude 



under con- 



stant heat exchange with 'the environment, must equal the 
energy given off by it due to the change in altitude. 



If . .IL 



0 , then 



hi. 



0 Q , 

/. v dp : =7-2E 
i i ' I : 



where the relation prevailing in the atnospi?.ere at the, 
time must be inserted between p and v. If the relation 
is inserted which was established by the CIITA for the stand- 
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ard .atmosphere ,on..the basis. of numerous- experiments, H x 
represents the CIITA alt itude corresponding to- air. condi- 
tio il 1 o 

Since, in the compression on the "basis of the rela- 
tion "between p and v in the CIITA atmosphere, the tem- 
perature of the air increases, although not so much as in 
the adiabatic compression, the geometric altitude Hi, at 
which the air is in the condition 1, must he lower than 
the adiabatic but higher than the isothermal delivery head 
requisite for its compress loft to the . atmospheric pressure 
at sea level » ' 1 : " : ' " ' ' 

Figure 11 represents the relation "between the CIITA 
constant-pressure altitude and the requi's it e; delivery 
head for attaining this altitude. In order to enable an' 
accurate reading' in a snail space the * difference between^ 
the adiabatic delivery head and the corresponding CIITA' 
constant-pressure altitude was plotted against the CIITA 
altitude and the • adiabatic delivery head;/ Jt is seen that 
the 'difference is very slight-, especially for altitudes 
below 6,000 m (19, 58 5' f t . ) •• figure 11 also contains the 
decrease, in the .absolute temperature T : afid ' the relative ; 
decrease in the air pressure p' and the air. 'density y 
plotted against the CIITA altitude* 

With the aid of, these relat ions j the CIITA constant- 
pressure altitude and the corresponding CIITA compression 
ratio, for a given revolution speed and- quantity deliv- 
ered, can be immediately determined from figure 9, In or- 
der to enable a quick approximation of these 1 values from' ' 
figure 9, the CIITA constant-pressure, altitudes correspond- 
ing to the adiabatic delivery head and the corresponding 
CIlfA compression ratio were plotted oh a. special scale of 
ordinates. Figure 9. also contains ' the lines of constant 
power and delivery weight result ing. from normal atmos- 
pheric conditions and a final pressure of 760 mm Hg. • 
'Ihcsc linos, as likewise the special ordinate scales, are 
therefore valid only- for the case where the same relation 
exists between temperature and pressure in the CIITA atmos- 
phere and where the final pressure is equivalent to 760 mm 
Hg in contrast with' the lih.es of constant revolution speed 
and efficiency, which are independent of the initial tem- 
perature and pressure and always rer.ain practically con- 
s t ant » * 

* Slight variations in the adiabatic efficiency are due to 
the fact that the mechanical— frict ion losses do not vary 
according to the power required for the compression. See 
footnote, page 3, regarding slight variations in adiabatic 
delivery head. 
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The delivery weight G and the required power N 
can generally "be calculated from 

G = Vl 71 = ?x 0.464 |i kg/s 
and ^eff 

where "b denotes the aerodynamic pressure in millimeters 
of mercury and the subscript 1 refers to the intake con- 
dition. 

The power curves in figures 8 and 9 show that the "best 
adiabatic efficiency is somewhat above 54 percent and is 
attained at 1,400 r.p,m, and for a delivery of 0,775 m 3 / s 
(27.37 cu.ft.) (based on the intake condition), the adia- 
batic delivery head being 4,900 m (16,076 ft.) and the 
corresponding CDTA compression ratio 1.81. For normal op- 
eration (n = 1700 r.p o m 0 and G = 0.67 kg/s (1.48 lb./ 
sec.)), the adiabatic efficiency r| a( j. = 52 percent, the 
adiabatic delivery head H a 4 = 6,500 m (21,325 ft.), the 
CINA constant-pressure altitude HciUA = 6,240 m (20,472 
ft.) and the GINA compression ratio (Pq/^CINA = 2#22# 

In order to understand the flow conditions in the 
supercharger, the air velocities at various points, the 
theoretical delivery heads and several characteristics 
are given in table II. Of the theoretical delivery heads, 
only those obtained without guide vanes can be accurately 
determined. It appears hopeless to try to calculate the 
influence of the guide vanes on the delivery head for any 
given delivery quantity, because the flow conditions in 
the guiding apparatus are so unsettled. This also ac- 
counts for the inability to calculate the delivery quanti- 
ty for undisturbed inflow. Judging from the angles of the 
inflow guide vanes, the delivery quantity under normal op- 
erating conditions seems to be less than for undisturbed 
inflow and the same revolution speed. 

For the delivery quantity with undisturbed inflow in- 
to the rotor, the theoretical delivery head could be cal- 
culated on the basis of an assumption more clearly desig- 
nated in table III 
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III. SUMMARY 



The Rateau supercharger investigated had, under nor- 
mal operating conditions (n = 1,700 r»p«m 0 and G = 0 # 67 
kg/ s) i an adiabatic efficiency of 52 percent, the CINA 
constant-pressure altitude "being 6,240 m (20,472 ft.) and 
the corresponding CI1TA compression ratio "being 2,22. Its 
"best adiabatic efficiency was 54 percent at 1,400 r.p.m 0 
and with a delivery quantity of 0 o 77 m 3 /s. The power re- 
quired under normal running conditions was 110 hp. In or- 
der to understand the flow conditions in the supercharger, 
the air velocities at various points, the theoretical de- 
livery heads and a few characteristics were calculated. 



IV. APPENDIX 
Calculation of the Mean Inlet Diameter 



The mean inlet diameter is necessary to determine the 
theoretical delivery head with undisturbed inflow. In till 
case the generally valid formula, for a blower with radial 
vanes at inlet and outlet, is 

E theor.°° = | * (!) 

In the blower investigated, the inflow into the rotor does 
not occur at a certain definite diameter D x , but, as 
shown in figure 12, at diameters between D 3 and D 4 , i.e. 

on an annular opening. The peripheral velocities there- 
fore lie between u 3 and u 4 . 
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Table I. Experimental values 



Date: Aug* 12, 1931* Oil temperature: 50 to 60 °C 

Barometer: 758.2 mm Hg Oil pressure: 2 to 3 atm. 



No. 


T 

Time 


Throttle 
position 


Revolution 

speed 


Corrected 
to rque 


Pressure 
before Su- 
percharger 


Pressure 
behind 
nozzle 


Pressure 
difference 
in nozzle 


Tempera- 
ture air 
inflow * 


Temp, increase of 
Qir in Su perch a'gr. 
Begin g. | End 
of experiment 




h : mm. 




r. p. m. 


X 

.537 mk<3 


mm Hq 
neg. pres- 


mm H 2 0 
neg pres. 


mm H 2 0 


Decrees centigrade 


1 

2 
3 




50 1000 
50 1163 
35 1008 


49.0 
60,5 
49,0 


151 
189 
154 


185 
228 
182 


155 
194 
154 


20 31,7 
43.2 
32.8 




4 
5 
6 
7 
8 
9 
10 
11 
12 
13 




1 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


1170 
1340 
1520 
1595 
698 
902 
1112 
1320 
1450 
1705 


50,1 
61,3 
70,2 
74,9 
22,1 
33,8 
47,5 
58,7 
66,5 
80.6 


240 
296 

340 

363 
102 
160 
221 
288 
325 
384 


118 
130 
142 
149 
50 
78 
104 
122 
135 
150 


96 
110 
120 
124 
43 
67 
88 
104 
116 
126 


20 
20 
20 
20 
20 
20 


49,5 

19,0 
29,3 
43,8 
62,5 
77,2 
103,0 


30,5 
45,2 
66,0 
79,5 
107,0 


14 
15 
16 
17 
18 


2 46 


15 
15 
15 
15 
15 


702 
925 
1093 
1247 
1395 


23,2 
38,0 
50.3 
61,5 
72,8 


92 
149 
195 

232 
272 


75 
121 
169 
189 
218 


63 
102 
135 
158 
185 


21 

21,5 
21,5 
21,5 
21,5 


23,3 
29,3 
41,4 
54,2 
66,0 


21,2 
30,5 
41,4 
55,3 
67,7 


19 
20 
21 

22 
23 


2 57 

3 02 
3 03 

3 06 


20 
20 
20 
20 
20 


710 
917 
1092 
1318 
1310 


24,2 
38,7 
52.1 
69.9 
70,1 


93 
142 
187 
241 
242 


85 
136 
180 
230 

232 


74 1 21,5 
115 21,3 
154 21,0 

197 21,0 

198 | 21.0 


15,5 
25.8 
37,4 
55,3 
58,7 


15,5 
25,8 
38,7 
57,6 
58,7 


24 
25 
26 
27 


3 14 
3 16 
3 17 
3 20 


35 
35 
35 
35 


665 
905 
1080 
1328 


22,8 
39,5 
52,8 
71,6 


84 
135 
178 

232 


83 
144 
191 
247 


70 
121 
163 
212 


20,5 
20,3 
20,2 
20,2 


16,3 16,3 
23,3 23,3 
36,2 37,4 
54,2 55,2 


28 
29 
30 
31 


3 22 1 70 
3 24 70 
3 26 70 
3 28 70 


713 
912 
1090 
1208 


25,2 
39,5 
53,0 
62,6 


91 
137 
180 
206 


91 
146 
196 
222 


79 
123 
167 
190 


20.4 
20,3 
20,2 
20,0 


21.1 

25,8 
35,2 
45.0 


25,8 
37,0 
46,2 


32 
33 
34 
35 
36 
37 


3 32 | 
3 34 
3 36 
3 37 
3 39 


8 
8 
8 
8 
8 
8 


688 
947 
1115 
1332 
1540 
1760 


17,8 
30,1 
37,3 
46.9 
54,7 
63,2 


107 
186 
236 
310 
366 
430 


26 

48 
51 
54 
54 


24 
34 
42 
44 
46 
47 


20,0 
20,0 
20,0 
20,0 
20,0 
20,0 


28,1 
35,2 
48,3 
70,5 
95,5 
125,0 


24,7 
37,4 
50,7 
75,0 
101,0 
136,0 


38 
39 
40 
41 

42 | 
43 


3 44 
3 47 
3 48 
3 51 

3 55 


9 
9 
9 
9 
9 
9 


698 
937 
1090 
1340 
1505 
1765 


19,6 
31,7 
40,7 
54,1 
63,3 
74,7 


106 
174 
225 
300 
353 
415 


39 
60 
73 
90 
100 
107 


32 
53 
64 
76 
85 
90 


20,3 
20,3 
20,0 
20,2 
20,2 
20,5 


28,1 
34,0 
44,9 
66,0 
86,3 
113,0 


24,7 
35,2 
46,2 
68,5 
89,7 
118,5 


44 1 




.0 


1735 


82,6 


402 


148 


125 


20,3 


106,0 


113,0 



* Simultaneous temperature of air in nozzle 



mkg x 7.23298 = ft. -lb 
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TABLE II. Investigation of Flow Conditions 







Operat ing 
condit ions 






Symhols 


No rrnal 


Best 
e 1 1 x— 
ciency 




a)_ Air velocity 










1. Supercharger 


inflow and outflc 






Intake air volume 




1.05 


0 .775 




Revolution speed 




1 X ( vj \J 

1 


1400 


r . p .in 


CI IT A constant-pressure alti- 
tude 


H CIHA 


6240 


4750 


n 


CINA compression ratio 


/Po\ 

( — I 

VP y 'CINA 


2.22 


1.81 




Adiahatic efficiency 


Tlad 


0.52 


0.54 




Mechanical efficiency of su- 
percharger including drive, 

assumed 




0.90 


0.90 




Hydraulic efficiency, "based 
on adi£L*batic performance 


'Hhyd. ad . 


0.577 


0. 60 




Relative temperature increase, 
adiahat ic 


, g\ 
^ T/ ad 


i.258 


1.1365 


- 


Relative temperature increase, 
effective (with n h d<ad , 
calculat ed) 




1.4-47 


1.311 




Resulting compression exponent 


n 


1.86 


1.84 




Intake temperature (corre- 
sponding to CINA constant- 
pr es sure alt itude) 


T e 


247.5 


257 


°K 


Outflow temperature (calcu- 
lated) 

1 




358 


337 
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TAiJLE II (continued) 







Op era t ing 
condit ions 






Symbols 


Normal 


Best 
effi- 
ciency 




Air density ratio 










7 \p / ■ 


\y y 

ft T T 
O JL J» 


1.535 


1.381 


— 


Outflowing air volume 


V a 


0.683 


0 . 562 


m 3 / -s 


Inflow section of supercharger 


% 


123 


123 


cm 2 


Outflow ■ " ■ 


F a 


95 


95 


cm 2 


Inflow velocity of air 


c e 


85.3 


63 


m/ s 


Outflow M » " 


c a 


72 


59. 1 


m/ s 


2« Stage 1 








Axial flow section "before en- 
trance to first rotor 




179 


179 


cm 2 


Mean ::::ial~f low velocity 




58.7 


43. 3 


m/ s 


Flow section in rotor at 
r » 90 mm (3.54 in.) 


*" 9 0 


174 


174 


cm 2 


Flow volume at rotor inlet 

(r as 90 mm) 


V'so 


1.05 


0.775 




Relative velocity in rotor 
(r = 90 mm) 


"'go 


60.3 


44.5 


m/ s 


Flow section at rotor outlet 




146 


146 


cm 3 


Flow volume 11 ■ 11 


V 2 


0.928 


0.709 


m 3 /s* 


Relative velocity at rotor 
outlet 


* 1 

_ 2 


63. 5 


43. 6 


m/ s 



*See table III. 
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TABLE II (continued) 







Operat ing 
condit ions 






Symbols 


Normal 


| Best 
eff i- 
c i ency 






tage 2 








Axial flow section "before in- 
let to second rotor 


•p ti 


141 


141 


cm 2 


Volume of flowing air 


v ax 


j 

0.830 


0. 652 


m 3 / s* 


Mean axial velocity 


C ax m 


! 

58.8 


46.2 


m/ s 


Plow section in rotor 
(r = 8 5 mm) (3.35 in.) 


8 5 


158 


158 


cm 2 


Flow volume in rotor 
( r = 8 5 mm) 




U • O oU 


U • O OtJ 


m 3 / s* 


Relative velocity in rotor 

( r = 8 5 mm ) 


85 


SP s 


4-1 P 


m/ s 


Plow section at rotor outlet 




130 


130 


cm 2 


Plow volume " M M 




0.750 


0.603 


m 3 / s* 


Relative velocity at rotor 
outl et 


w» 2 


57.7 


46-3 


m/ s 


"b) Delivery heads 










Effective delivery head (adi- 
ahatically calculated) 


H eff 


6500 


4900 


m 


Peripheral velocity at outlet 
of stages 1 and 2 




284. 5 


234.5 


m/ s 


Theoretical delivery heads 
without guide vanes, with 
infinite number of rotor 

i 

vanes 

i 


H theor ,°° 


16450 


11150 


m 



*See tahle III. 
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TABLE II (continued) 



Symbol s 



Op erat 
condit 



mg 
ions 



Normal 



Best 
effi- 
ciency 



"b) Delivery heads (cont.) 

Minimum power factor for fi- 
nite number of vanes ac- 
cording to Pfleiderer 

Theoretical delivery head 
without guide vanes, with 
9 rotor vanes 

Mean peripheral velocity at 
rotor inlet, stage 1 

Mean peripheral velocity at 
rotor inlet, stage 2 

Theoretical delivery head 
with undisturbed inflow, 
rotor vanes oo 

Theoretical delivery head 
with undisturbed inflow, 
rotor vanes 9 

c) Coefficients 
Load char act eristics 



1 

€ 



H theor . 



u'l 



u M l 



m 



u~ 



eor . 



Stage 1: 
Stage 2: 



Pressure-head char- 
acteristics 



L cf f 



*■ 1 u „ 2 

g 



1.467 
j to 
! 1.583 



I 



11220 

to 
10380 



142.5 



134.2 



H theor.°° j 12560 



8560 

to 
7930 



0.193 
0.156 



0.395 



1.467 

to 
1. 583 

7 620 

to 
70 30 



117.7 



110.7 



8530 



5820 

to 
5390 



0.179 
0.154 



0.440 



*See Appendix. 
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TABLE HI. Calculation of Flowing-Air Volumes 
at Various Points in the Supercharger 



The calculation of these volumes is necessary, in or- 
der to determine the air velocities at the different 
points. It started with the assumption that the tempera- 
ture increase of the air is the game in each stage and 
that the temperature increase in the rotor is half that in 
the whole stage, 

1) n a = 1,700 r.p.m.; V e = 1.0 5 m 3 / s ; G = 0.67 kg/s; 



T e - 247,5 °K; p a /?e = 2.22; n - 1.8S 





l/fe 




V 


Sup er charger inlet 




1 


1.05 


Rotor 1, inlet 




•J 


1.05 


■ 1, outlet 


1. 112 


1.131 


0.928 


11 2, inlet 


1.224 


1.265 


0.8 30 


1 2, outlet 


1.336 


1.400 


0.7 50 


Sup er charger outlet 


1.447 


1. 535 


0. 683 


2) n a * 1,400 r.p.n. ; 


V e = 0.775 m 3 , 


/s; G = 0 


.587 kg/s; 



T e = 2 57 t; p a /p e = 1.81; 11= 1.84 





1 


7/7 e 


V 


Supercharger inlet 


l 

1 


1 

1 


0.775 


Hotor 1, inlet 


1 


1 


0.775 


" 1, outlet 


1.078 


1.0935 


0.709 


" 2, inlet 


1.156 


1.1885 


0. 652 


" 2, outlet 


1.234 


1.284 


0.603 


Su] orcharger outlet 


1.311 


1.381 


0.552 



The theoretical delivery head for the rotor of the 
blower investigated is therefore 

/ u 2 dG- 

Stheor." = I (*/ - *" § ) (2) 
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/ 4 u 2 dG 

If 3 - = u irn 2 , then u = r oo , the square of the 

mean inlet radius 4 



r 2 dG 



r s - 3 1 — (3) 

1 m Gr 

Over the inlet cross section 7 = constant (approximately). 
Then equation (3) "becomes 

/ r 2 dV 

m 2 -a 3 ( 4) 

r im f v 

Q. 

where V = — denotes the flowing volume. 
7 

Now dV ~ c ax dF — drr r 2 = 2tt r dr. Hence 

2 ^ / c ax r3 dr 



*l«f - J 8 (5) 



If 



'ax 



wore constant throughout the inlet cross section, 



we would then have 



c ax 2tt (r 4 



- r^ 



) and 



■1 m 



s 1 ( r 2 



+ r 2 ) 



(6) 



The axial inflow velocity is not constant, however. 
Since the air flows from the entrance spiral, the veloci- 
ty at the point of maximum deflection of the streamlines, 
i*6»i at the maximum inlet diameter, is the highest and at 
the minimum deflection of the streamlines, i.e., at the 
minimum inlet diameter, it is the lowest. The calculation 
of the velocity distribution over the inlet cross section 
might still "be very difficult, due to the influence of the 
inlet guide vanes. Moreover, due to the sharp "bend in the 
vicinity of the maximum inlet dic.meter, no potential flow 
can "be expected. It is therefore assumed, as an approxi- 
mation, that the velocity increases in proportion to the 
inlet radius according to 



' a x 



& x ri 



(7) 
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Introduced into equation (5), 


this yields 




_ „ _ 3 . i 


5 ~ r 5 

3 


(8) 


° r 4 r 3 

For r,- we o"btain: 

i n 


, 


Stage 1 


Stage 2 


According to equation (3) 

U M g (g) 


65 • 2 mm 
62.3 " 


61.3 inn 
59.3 " 

i . 



The difference in the values of r lrl , under the 
given assumptions for the velocity distrihut ion is there- 
fore not very large. It r:iay he assumed that the actual 
value of r in differs still less from that calculated ac- 
cording to equation (8). 



Translation hy Dwight M • Miner, 
National Advisory Committee 
for Aeronautics. 




Figure 1. -Longitudinal section and section through compressed-air housing 
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Pigs. 2 f 3 f 8 




Intake cross- 
section 

Section E-F 
Suction side of spiral housing 



Section Q-H 
Guide channels 



Spiral housing 
(suction side) 



Figure 2. -Inlet spiral and guide channels. 
Compressed-air housing 



Figure 3. -Cross sections of 

inlet and outlet spirals. 

(For dimensions see tahle 
on following page.) 




Figure 8. -Work diagram of super- 
charger for a room tanperature 
of 20°C and a final pressure of 
760 mm Hg. 
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Figure 3 (continued) 
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Inlet section Outlet section 

• 145 X 85 mm ^ 123 cm 2 110 0 * 95 cm 2 



mm X 0.03937 = in, cm 2 X 0.155 = sq. in. 
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Figure 9.- 
fork 
diagram 
of 

supercharger. 
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Figure 10 •-Diagram for find- 
ing compression ratio from 
adiabatic delivery head and 
intake temperature. 
Adiahatic exponent K»l. 405 



4 io .fom iz 
Altitude 4ms > "ad 

Figure 11. -Relation between CIKA con- 
stant-pressure altitude and requisite 
adiabatic delivery head for attaining 
this altitude* Air temperature^res- 
sure and density plotted against al- 
titude in CESA atmosphere. 
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Figure 12. -De ter- 
mination of mean 
inlet diameter. 



